A distance-aware model of 802.11 MAC layer by Barakat, Chadi & Cantieni, Gion Reto
HAL Id: inria-00071545
https://hal.inria.fr/inria-00071545
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
A distance-aware model of 802.11 MAC layer
Chadi Barakat, Gion Reto Cantieni
To cite this version:
Chadi Barakat, Gion Reto Cantieni. A distance-aware model of 802.11 MAC layer. [Research Report]









   



















ap por t  
de  r ech er ch e 
THÈME 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
A distance-aware model of 802.11 MAC layer
Chadi Barakat — Gion Reto Cantieni
N° 5038
December 2003
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
  	







´:µ:¶s·¸:¸º¹ ®º»¼½¢ ?q ·	¾ §K¿£u¥|¦KqK¿ÀN_w¦u¥_¤CÁ6½(¤¡KÃÂÄ	¬O¥_ÅY¬h¤qh¤hq²¨©¥_£(¤¡w











¤¥_¤q8l(¥_¤ · uÀqq°?uN(Î¥_§K£u¥a¦KqOÎ±?¥a¥|¦¥a¥_	¥Ë¦s£uq¤¥_ ´:µ:¶s·¸:¸
¬hqwlº_¡w¡wwh¤qÖ¬O¥_Ås(¤¦¥§¤¦s $¤qC¡¢(N_¡qw­(¤¦¤qCq²¨©¥_£(¤¡ww ·
×&Ø?ÙÚÛ8ÜÌÝÞMß?à ´:µ:¶s·¸:¸¹ ®º»á½w ?q¢Ç.¦sl(¤¡w¥â¤®h¡w¡ww&¯M¥_k¢Ç ¹ (Å?¥¢°¡N(4Ç
](§Kl(¥_&K¥_§K±:KK§K ·
ã ä<åçæÏè?éêQé ëQé]ìÖé]æÏëQí²î ïëÖðñ?ò¤ó ôÃõ	ö¿ôÃ÷ ø ù_ðò?î?ú«æ ÷	è(êÖúçò|ðåûú«ìló é]ü.æ¢úçåþý
ÿ î|æ :ú æÏëQæqæ¢ê6ìÖðÏò?îkúçæ úçè?ëQúçæ 	ë

 äÔø	ùú êlé]ëÖå«æ¢è ¤óKélü.æ¢úçåþý6ïÏúçðÏèkëÖélêÖð ílæÏè(êÖúçélè?úOélò í²îî?ú«ìMðÏëæÏì :ðè?éî?úûåçéêÖî?é
æÏñ:êÖîkðÏëMæì_úçìÖú êQúûèkïÒêQî?éCä<å«æ¢è! lêÖéCöéeìEéeæ¢ë²í²î"6ëQðÏñ?òYæwê¿ôÃõOöôÃ÷AøÐù_ðò?î?ú«æ÷	è(êÖúçò|ðåûú«ì#
  











¦KwOq²¨³¥_£(¤¡ww6¦Kº½¡w¥_§¤¡¤ ¹ ®º»È¦K ´:µ:¶s·¸:¸ Ó|§KNKq¤¦$q¡w¥_£KÒw	¥:¥_¤6¦Kw
l(¥_¤ ·  ¥_¿£u¥a¦q6wGÀN_O§KG	w§Kl(¦K	Á6½(¤¡KKÓ|§K|¡¢(¡q§KOwGq²¨³¥_£(¤¡ww
¦K ´:µ:¶s·¸:¸ q §Kl(k§K¤¡N¤¼¦K ¹ (Å?¥Ï°Aq£¤Ë¦s¡qq¢Ç­£(&Ó|§K§KK¥:
£K¡qq£uq|Ó|§¤$¥_§Kwwl(¥_¤u$¥_§K°?q|Ë½Ô£! q£u¦sl(¤¡w-N(l(K¥_
Ô½Ôl(¥_Æ¦K-ÀN_ ·#" (¤Y¤¥_&£u¥|¦q:Ç$ql(k¦K¥_K%w&½¥:¥_ ¦<Â §K¤&l(¥_4Ç
¤¥_§¤Î¡¢(¡q§K¥_¤Y¥_¼¦qÀKY¦K$l(§Kl(¥_¼¥_§KYqâ¡w¥_¤¦s¥_KN(ku§K8w¥:¥_¤Î¦Kw
(§Kwl(¥_¤ ·  ¥_-£u¥a¦q¦K¥_K¤&(§¤2-¦qÀK¥_l(C¦Kl(§Kl(¥_ ¦K-¥_§K




ÏÂ,q¥_±:¤Ë¦<ÂÄq · Ê .-a§K¤Ô¦sl(¤¡w/N(¦K½_Ó|§¤qËË¦qÀK-¦<Â §K¤Ël(¥_
ÀN(ll(K¦Kq£uqk ·*0 ¥_Ó|§4Â §K¤l(¥_¼w8¥_¼¦Ku½l(¥_¼¦KÀN_:Çq(&¤K8N(
§Kqp¥_§Kw&¦KÀN(¤¦KN_l(|&¤¥_È§K1wN(w$(§Kwl(¥_¤ ·  ¥_§¤
¡q¥Ï ?¥_¤.Ók§¤¤¥_£u¥a¦qYwº§KÔÀ¥_Ô¥_§KMp¥_§K­¦s£uq¤¥_K¤q­wÒw¢(§2- ´:µ:¶s·¸:¸ q
¥_§K3q§¤¦sqºq§Kº¡¢(N_¡qwºqCq§Khq²¨©¥_£(¤¡ww ·
4 Ü%5¢ßwÚ16879kßAà »6¥_§¤¡¤ ¹ ®º» ¦K ´:µ:¶s·¸:¸ Ç¦sl(¤¡wN(l(K¥_:-½l(¥_¼¦KÀN_l:Ç







^av(vV(\e\cqiceSVG8oKcqV(g]oVc<xR.SHE½\ceV(vwSopismþiaad \erGV(v7E0I<V\¼GiaceS ceSVKJ¼VtHEþ`pU A.v(vV(\e\
L isoKcqgeiamFM




isoSi54 cqSpVi]DMVgeV(t<^aopt[4FEþtÌcqS^E½\\eS<^|geV(t¼^aU&isoË^am½m\]cq^|cE½iso\_Ma`ÌRA O <
bE0DÐV(g]V(oKch^ao^am½d¤cYEþv(^am¤UiNtVmþ\6^aot\YE½U$`mþ^|cE½iso-\lcq`t[EþV\6S<^cWsVÒÐVV(o-Vmn^|Ðisge^|cqVtceSV
mn^a\lcdaV_^ag]\cei¼VWa^|mþ`<^kcqV&cqSVrÐVgPdÃisg]U^aov(VËid.~a{K#<½WsWeJNA L mn^_daV(g S #6	}[6BfUa<R.SV\eV





















iY`g4iagYs geV`\eV\cqSV¼UiNtVmdÃisgË~s{K<þWsWuJNA L mn^_daV(gdÃg]isU S f]UY^aopt VÏbNcqVot\
E½c&\]`vwSLceS<^|c&cqSVE½oKcqV(gdÃV(g]V(ovVtdÃg]isUiaceSV(ge`ÌRzAÎ\jE½\viso\PEþtVgeVtZ<iY`g&^E½UE½\cqi
v(isU&r`pceV6dÃisgY^ÔE0WaV(oâcqiarÐism½isad6GceSVceSgeia`sSr`ÌcYidº^aoKd4FE½geV(m½V(\]\!`ÌRzA`\YE½oÔceSV





4VÎ^a\e\]`U&VÎcqS<^kc.^am½m `ÌRA8\­`\]V8cqSpVY9E½\]cegYE½`pcqVt L iÌiagetHE½o<^|cYEþisoq4`povcYEþisouMÖ L  O id
~s{K#<½WsWY^|otËceS<^|c.^|mþm`ÌRzAÎ\­v(^aoSV(^agV(^avwSiacqSpV(g6N\eicqSVYS[EþttpV(ocqVgeUjE½o<^amGrgeispmþVU










cE½UVuJA^agPsai5W vwS<^]Eþo S fUa< R.SV¼cE½UVNEþ\ÔtHE0WE½tV(tE½oKcqi \]mþiace\ÔidW|^agPEn^|mþV¼t`ge^|cE½iso
<^a\eVt iso 4S<^|cËV7WaV(oKciNv(v`ge\E½o ^ \em½iac <m:;EcqSpV(g&cqSVgeVtEþ\Ë^ÈopiÈcegq^ao\]UjEþ\]\YE½isoZ6^
\e`vv(V(\]\PdÃ`m2cegq^aop\eUjEþ\]\YE½isoÈisg^Ôvismþm0E½\YE½isoZ<R.SVU&iÌtVm2v(iaUrp`pcqV\YcqSV-rpgeis<^|HEþm0Ecd
cqS<^|c^|oK`ÌRAxcegq^ao\]UjE½ce\^r<^|vsaVc!E½oÉ^ge^aotiaU \em½iac^aotceSVrgeia<^aHE½mrEcd cqS^|c




 !#"%$ MW O
4SV(g]V&@Eþ\&cqSVcqiacq^am.o¤`U$GV(gËid!`ÌRzAÎ\7<ÍR.SVul|En^aopvwSHE8U&iNtV(mg]V(mþ^|cqV\' ceiÈceSV
cqgq^|o\eUjE½\e\YE½iso rgeis^aHE½mrEcd(!¤d \eismXWEþo cqSVgJA^|gYsai5W vwS<^]Eþo cqS<^kc¼tpV(\evgYE½ÐV\ceSV
\]dN\]ceV(U<}=ÉVâtpV(oiaceVâcqSHE½\g]V(mþ^|cE½iso/4FEcqS cqSpV^dÃ`ovÏcE½iso*)<}?Vc+  ,ÉGV¼ceSV
UË^?b[E½U$`pU oN`pU$GV(guidÒ<^avsai]DL\lcw^aaV(\ EþoÈ~s{s#<þWaW&^aot.-0/ 2143ÐV-ceSV&UE½oHE½U^am
v(isoKcqVoKcE½isoN4FE½oti54\<CR.SV\dÃismþm½i54FEþopËV¢bprpgeV(\]\YE½isoAg]V(\]`m½ce\dÃiag) S fU5
6)789: 3;<=3>9?@3%95-'/ A*BCAD#-0/2?53%9EFHG MÖ O
:I	¤`<^kcE½iso\MW O ^aotuMQ O ^ageV\eiam0WaV(tdÃisghceSVbW|^am½`V(\ÒidJ^aotK ME^oisoËmrE½oV(^agÒ\ldN\]cqVU








   (	
Ò<xuO  ! "-#&%(''
i`pgU&iÌtpV(mGv(isU&r`pceV(\ceSVÎr^avsaVÏc.mþia\e\­rg]is<^a[Eþm0E½cd viso\PEþtVgYE½ocqSVbEþoKceV(gPdÃVgeVov(V
dÃgeisU cqSVi|cqSVg`ÌRA8\^aotcqSV^avs¤sgeis`pot¼opiVEþ\]V<CR.SVuVÏbÌrg]V(\]\YE½isoNdÃisgÒcqSVYcegq^ao\k
UE½\e\PEþiaorgeis^aHE½mrEcdâgeVU^Eþop\ÎcqSV\q^|UV-^a\8ceS<^|cbEþo MÖ O <R.SVv(isU&r`Ìcw^|cYEþisoAidC
Eþ\tisopV`potV(g.ceSV^a\e\]`U&rpcE½iso\F4Vrg]V(\eVoKcqV(tâ^aÐi5WaV<
L iao\YE½tV(g8^aoN`ÌRzAceS<^|c.cqge^ao\]UEcq\^&r<^avs|VccqicqSV\AÎf ^aotm½Vc`\v(isU&r`ÌcqV
cqSVrg]is<^a[Eþm0E½cdLcqS<^kccqSHE½\r<^avs|VctE½\mþis\lcKM(E(< V< v_^aoopiacÐVAtV(viÌtVt visgeg]V(vÏcqmd O <
`Ì`rrGis\eVYceS<^|c­ceSHE½\F`ÌRzAEþ\.m½iÌv(^|cqVt^|c.tHE½\]cq^aovV
	FdÃgeisU cqSpVAYf<=ÉVtpV(oiaceVCEcq\
r<^avsaVÏcm½is\e\-rpgeis<^|HEþm0EcdÉKd 	 	 <N?Vc)	ÐVÔ^Agq^|otisU W|^agYEþ^am½VÔtpV7I<oHE½o
cqSVHEcYV(g]geisggq^kcqVMal:CZ O idh^Ër<^avs|VcMÃ\eVo¤cÎKdu`NRA O ^%d©cqV(gGVE½oÔtVÏcqVvcqVtKd
cqSVjAYfz<oi54FEþo )	]6cqSpVr^avsaVÏc$m½is\e\urg]is<^a[Eþm0E½cd	-v_^|oÆGV&v(isU&r`pceV(tÉ^a\
dÃismþm½i54\
 	<(?@)	 $ ME} O
4SV(g]V Eþ\cqSpVcqi|cw^am¿r<^avs|Vcm½V(opacqSNEþoâ[E½ce\wM(E½ovmþ`t[Eþo^amþm¿SV(^atVge\62V
	¤`<^am½\~ |~f
HE½ce\ O <6R.SHE½\2VÏbÌrg]V(\]\YE½isowdÃisg!	Ò^|\e\e`pUV\6cqS^|c6ceSVHEcOV(geg]isg6rpgeiNv(V(\]\ E½\ E0Eþt-tp`gYE½o8ceSV
geV(vV(rpcYEþiaoid¤ceSVhr<^avs|Vc6^aotcqS<^kccqSVht^|cw^>E½\oiac¿rg]iacqVvcqVtu¤d^aoKdvwS<^aoopV(mKv(iNtHE½o
\evwSVUV]</AÎ\w4ÒV¼opV(V(t cqSVr<^|vsaVcÔmþia\e\rgeis^aHE½mrEcd ^cWsV(ge^asVt i5WsVgÔ^am½mnW|^am½`V(\id
)	%64ÒVn4FEþm½m[dÃiNv(`\Oiso-cqSpV­v(isU&r`Ìcw^|cYEþisoi]d<cqSV­V¢bÌrÐVvcqVtwWa^|mþ`V 	 
	:#"%$&!	('a<










)6 3 V(gdÃv-/. 0213#4/6578 $ M f O
4SV(g]V9MW!J¼r\ O Eþ\ÒcqSVrSKdN\YE½v_^|mHEcgq^|ceV6#/ MÖwJ^Qb O Eþ\ceSVC4FE½tpcqSid¿ceSV9dÃgeV k







cq`pcYEþoM(f O EþouMÖ} O ceSV(ocw^s E½oceSVVÏbÌrÐVvcq^|cE½isoZ< 8oisgetpV(ghcqitV(visU&rÐia\eV0 1 .64ÒV
I<ge\lcbE½oKcqg]iÌt`pv(VceSV!lV(g]ois`m½m0E	ge^aotiaU Wa^|gYEþ^am½V(\






 4<  6;4SpV(geV<   5J? A 
VÏbÌrgeV\e\]V(\&cqSVrGi54Vg.4FE½ceSh4SHE½vwS ceSV\YE½so<^|midb`ÌRzA^ag]gYEXWsV\&^|c-cqSpVqAYf ^]d©cqVg
ÐV7Eþoâ^|ceceV(o¤`<^|ceV(t i5WsVgtHEþ\lcw^aopv(Vp< MÖa{AUb= O tV(opiacqV\-cqSVq`ÌRA cqgq^|o\eUjE½\k
\YE½isorGi{4ÒV(g7<uQ8^5WE½oAceSVÔrGi54Vg-id.V(^avwSo`ÌRzA ^|ccqSVeAYfz6z4ÒVv_^|ov(isU&r`ÌcqVËceSV
EþoKcqVgPdÃVgYE½o&rÐi54ÒV(g^-r<^avs|Vccqge^ao\eUjEceceV(t¤d`ÌRAedE^|v(V(\7< =ÉVtVoiaceVuceSHE½\.rÐi54ÒV(g
¤d 	^aoptN4gYEcqV_E½cÎ^a\ 	    ! 	  4"< <.R.SHEþ\Î^am½mþi54\8ceie4gPE½ceVcqSpV_dÃism½mþi54FE½oVÏbÌrgeV\e\PEþisoGdÃisgcqSV,021  ^|c8cqSV+AYf i]dº^r<^avsaVÏc$#|\PEþao<^am2visUjEþoqdÃg]isU `ÌRA â^|c
VE0WaV(otHE½\]cw^|ov(V 	 
0213	  <	 1% A	 	 
 	 
1% A    ! 	 4&< 
$ MÖz O
4SV(g]V 1%tVI<oV(\ceSVârGi54VgidcqSVA<^avs¤sgeia`ot oiVE½\eV]<y=ÉVâm½Vc%1%S<^cWsVâceSV
dÃismþm½i54FEþopGdÃiageU 1' 1%(4**) / 6 4SVgeV 1+( M âtvl O tVoiaceV(\cqSVv7Eþg]v(`HEcoiVE½\eV
I<s`g]V6ÔcqSpV\lismc(U^aopo¼viso\]cq^aoKc^aot) MÖ-,s{Vm0WE½o O cqSVtVWEþvVceV(U&rÐVgq^|ce`geV]<
=ÆVv_^ao\eVVceS<^|ccqiv(isU&r`ÌcqV	`\YE½ouMQz O E½ohM f O 6ceSViaom½dgq^aotpisU W|^agYEþ^am½V
Eþ\. 	]< QV(ovV6¤S<^cWEþopceSV.rÐt#dÐi]d/ 	]6V4SHE½vwSj4VtVoiacqV.Kd1032 4 ;: 6KisoV.v(^ao&v(isU&r`ÌcqV
	 	 I  $ !	('a<A8\e\]`UjEþoeEþoptV(rGV(otpV(ovV$id5	^a\FE½oceSV!lnEþ^aovwSHEU&iNtV(m(6/0"2 4 ;: 
v_^aoÐVV¢bÌrgeV\e\eVt ^a\^aoo#kwWuviso)Wsism½`pcE½isoC
0"2 4: I603798;: G G G :<0"7=4?> 8 :@0"7A4CB 8 : G
G G :<037ADJ:  G ME O
8oLcqSpVâ^ao<^|m½dN\YE½\^|Ði5WsVN4VNsaV(rÌcÔcqSpVAtHE½\]cq^aov(VtdÃgeisU `NRAEcqi cqSpV^AYfxge^aotisU
tV(oi|cqV(t KdF
6hVÏbÌv(VrpcwdÃisgj`ÌRzA  dÃisg!4SHEþvwS 4ÒV^ageVÔv(isU&r`pcYEþop 	]< =ÉVÔoVÏbNc
v(isU&r`pceV'	.dÃisgucx4ÒiAv_^|\eV(\7<^Eþg]\]c 6 4ÒVÔv(iaUrp`pcqVeE½c!4SV(oÆcqSVËrÐis\PE½cYEþiao\i]d`ÌRzAÎ\
^ageVws¤oi54oM©cqSV1Ò^ageV&tVÏcqVgeUjEþo[Eþ\lcE½v O <R.SVisomdgq^|otisU&oV\e\!Eþo cqSHE½\uv_^a\]VËm0E½V(\







`Ì`rrGis\eV4VÎ^ageVVEXWsVocqSVtHE½\]cw^|ov(V9WaV(vÏcqisg    " $ G G G $    6)4SVgeV ÐtV(\]v(gPEþGV(\cqSVutHE½\]cq^aov(Vid `ÌRA hcqi&cqSpV!AÎf< `#E½ov(V^am½mtHE½\]cq^aov(V\Y^ag]VIpbÌV(tZ6v4ÒVisUjEcEþocqSHE½\
\eV(vÏcE½isoAceSV_E½otV¢b¼id2tHE½\]cq^aovV_dÃgeiaU mþia\e\Y^|ot¼cegq^ao\]UjEþ\]\YE½isoârg]is<^aHE½m0E½cYEþV\<F<isg^ao
`ÌRA 6V4V^E½Ux^|c IotHE½oceSV.rGt[dMi]d/ 	]<hZV(U&VU$GV(ghcqS<^kc  	VEXWsV\ºceSV>E½o¤ceV(gdÃV(gYE½o
rÐi54ÒV(gYrg]iÌtp`v(Vt¤dâ^am½m	ceSV-iaceSV(gC`ÌRA8\u^|cÎceSV+AÎf<=ÉV-opV(V(t 037 ;: 6ÐceSV-rGt[dCid
cqSV­rGi54VgC^|c2ceSVAYf idÐ^aowE½otHEXWEþt`^am `ÌRzA+<)<isg6^ao`ÌRzA@Y6037?;: 6v_^aoGVn4gYEceceV(o
^a\

037?: I  : ?  A! : F<    $ M  O
4SV(g]V : !E½\ceSVÔtpV(mcw^tdÃ`povcYEþiso^aot  ­tVoiaceV(\ceSVËcegq^aop\eUjEþ\]\YE½iso rg]is<^aHE½mcEd
id;`ÌRzAY< 032 4 ;: .v(^aoAGVuV_^a\PEþmdv(isU&r`ÌcqV(t¼Kd¼U&V(^ao\idFME O <|38iaceVceS<^|ccqSpV   E½o
0"2 4 ;: .^ageVs|V(rpc8`oHs¤oi54oZ<#"8\PEþouM(f O ^|otcq^s EþopV¢bÌrÐVvcw^kcE½iso^E½ohME} O 6#4VsVc.ceSV
r<^avsaVÏcÎm½is\]\rpgeis<^|HEþm0Ecdid `NRA 6
	#"%$?)	
'&< C)( @A ! +*  3 V(gdÃv * <	  /1% A :  ),-,  032 4 ;:  : GME~ O
R.SHEþ\hV¢bÌrgeV\e\YE½isoid4	nE½\h^9dÃ`opvcE½iso&id<ceSVcqge^ao\]UE½\e\PEþiaoËrg]is<^a[Eþm0E½cYEþV\hid<cqSpV.iacqSVg
`ÌRA8\  WEþ^ceSV$rGt[d dÃ`opvcE½iso\ 0"7.<F4g]isU ceSV+l|En^aopvwSHEOU&iNtV(m(64cqSVucqge^ao\eUjE½\e\PEþiso
rgeis^aHE½mrEcd id8^ao `ÌRzA Eþ\g]V(mþ^|cqVt cei E½ce\&v(ism½mrE½\YE½iso rg]is<^aHE½m0E½cdhWEþ^âcqSVqdÃ`opvcE½iso
)74 >E½o MQ O MEKd\]`\]cYE½ce`pcE½o0¼Kd 	u^aot AKd7 	 O <ºR.S¤`\6Ð`\YE½ouMÖ~ O ^aopt MQ O 4ÒV
\eVcu`pr ^oisom0EþoV(^ag\]dN\lcqV(U idºV
	¤`<^|cYEþisop\6Z4SHE½vwSÆv(^aoGV-\eismXWsVtÆo¤`U&VgYE½v_^am½m½d^dÃisg




`ÌRA O S<^a\.cqSVdÃism½m½i{4FE½owdÃisg]U 
0<; : >= @?BAC?ED8F 3 9 < G M , O






v(isU&r`pcq^|cE½isoÆid 037 :  6	ceSVËrGt[d.i]d­\YE½so<^|mºrGi54Vg$^kcceSVeAÎfIid.^gq^aoptisU `ÌRzA
Y6.GV(v(iaUV\\em0E½sSKcqmd U&isg]VAcqgPEþvsKdV<@=ÉVNI<ge\lc4gYEcqVcqSVAv(`U`mn^kcEXWsVtHE½\]cegYE½`pcE½iso
dÃ`ovcYEþiao¼id 
|M dÃisg :  O 
 7 :    -4&< #:   < "%$8   '  A6" $8    '  <  : 
 < "%$8    '  A =
	
 " D ? A ? 	 F"%$8    'C  !#" :   <9 <  GMlW_{ O
" $     '9Eþ\ceSVâcqge^ao\]UE½\e\PEþiao rg]is<^a[Eþm0E½cd id^ao@`ÌRzA &^cWsV(ge^asVt i5WsVg^am½m9Ecq\




%'&)(+*-, .0/ 210.34% =






4FEþm½mÎ\]Si54 ceS<^|cËcqSHE½\^a\]\e`U&rpcYEþiso ^|mþU&is\lcSism½t\ O < "otV(gËcqSHE½\^a\]\e`U&rpcYEþiso6ceSV
Wa^|gYEþ^am½V(\
Y^ag]VEþotpV(rGV(otVoKcid8V_^avwSLiacqSpV(g<o=ÆV¼v(^ao ceSV(g]V7dÃisg]Vv(isU&r`pceVceSV
rÐt[d2id. 	uKd`\YE½oGME O <F3iacqVcqS<^|c 0"2 4 E½\Y^dÃ`povcYEþisoAid2isopV$`oHs¤oi54o3"%$8 ?  'a<
R.SV8r^avsaVÏc­v(iamþm0Eþ\PEþiaorgeia<^aHE½mrEcd&v_^|oÔGV8isÌcw^E½oV(tËKdËrpmþ`aVEþop032 4 :  E½o MÖ~ O <=ÆV






`NisU&VcqS[EþotE½\\]cE½m½m2UjEþ\]\YE½oNE½ocqSV^aGi5WsV&^ao^am½dN\PEþ\76¿ceS<^|cuidCceSVVÏbÌrg]V(\e\PEþiaoÉid" $     'a<ROi¼\eismXWsVqdÃisgucqS[Eþ\VÏbÌrÐVvcq^|cE½isoZ6 4ÒV4gYEcqVÔ^aohE½U&rmrE½vEcV	N`^|cE½iso 4FEcqS" $     'N^|\O^>W|^agYEþ^am½V6kcqSVo_4ÒVÒ\]ismXWsVÒceSHE½\OV	N`^|cE½iso$o¤`U&VgYE½v_^am½m½d< : 	¤`<^|cE½iso\nMlWaW O
^aot ME~ O VEXWsV$`p\8cqSpVV¢bprpgeV(\]\YE½isoidC 	 
	
ndÃisgC`NRA ¼^a\8^dÃ`povcYEþisoAid!"%$8 ?  'a<
ÎV(oi|cqV-Kd 	 	
LK 
	B$ "%$8    ' ceSHEþ\ÎVÏbÌrgeV\e\PEþiso< "8\PEþoKMÖ O 6 4ÒV-v_^aoN4gYEcqV
 	 	





" $     '¤d\]`U&UjEþoi5WsVgÎ^am½mMceSVWa^|mþ`V\8i]d	{6
" $  ?  '#" $ )78 	 	  '  ( D 3  E   9 < )7K #$ "%$8 ?   '   G MlW: O




 R.SVÎr^avsaVÏcv(ism½mrE½\YE½isorg]is<^a[Eþm0E½cd 	 	ºv_^|oÐV8ispcq^EþopV(tKdÔrpmþ`aVEþop,MlWaW O
Eþo@ME~ O 6 4SpV(geVceSVqW|^am½`Vid "%$8   'E½\-v(iaUrp`pcqVtLo¤`U&V(gPEþv(^am½m½dh4FEcqSceSV
EþU&rm0E½vEc8V	¤`<^|cE½iso MlW? O <
 R.SV$r^avsaVÏcÎcqge^ao\]UE½\e\PEþiaorgeis^aHE½mrEcd 	 	
>E½\Îv(iaUrp`pcqVtâKd¼\]`\lcEcq`pcYEþo
¤d  	 
	Eþo MQ O <
 +\EXWsVo	 	
^aot  	 	
 6OcqSpVËcqSpgeis`aSr`pc$idb`ÌRzA Æv(^aoGVËisÌcw^E½oV(t E½o
^â\YE½UjEþmþ^ag.4^:dÆcqiâceSVlnEþ^aovwSHE­U&iNtV(mCM
`ÌVvcYEþiso f O <ÆR.SpVcqSg]is`sSrp`pcid8^
gq^aoptisU `NRAÕv_^|o¼GVuv(isU&r`pceV(tA^a\4Vmþm(<








`NV(vcYEþiaoÔ}[<½W O 6acqSV­ceSgeia`sSr`ÌcCidB`NRA -tVrÐVot\Ciso
cqSVYrGis\PE½cYEþisop\.idO^amþmÐiacqSpV(gF`ÌRzAÎ\WEþ^$cqSV7Eþg­cegq^aop\eUjEþ\]\YE½isorgeia<^aHE½mrEcE½V(\  x64SV(g]V_^a\
EþoÈcqSVËv_^a\]VÔid^gq^aoptisU cqiarÐism½isadoM
`ÌVvcE½iso }#<« O 6OceSHEþ\cqSg]is`sSpr`pctV(rGV(otp\-iso
cqSVcqgq^|o\eUjE½\e\YE½iso rg]is<^aHE½m0E½cd " $    '6i]dº^Ôgq^aoptisU~`ÌRzA^cWsVgq^asVti5WsV(gY^amþmzEcq\
rÐis\]\YE½m½Vm½iÌv(^|cE½iso\^|otceSVumþiNv_^kcE½iso\.id	cqSVuiaceSV(gb`ÌRzAÎ\7<
L iao\YE½tV(g;I<g]\]cºcqSVv_^|\eVid IÌbpVtËceisrÐiamþis|dV<2R.SVcqSpgeis`aSr`pcºidZ`ÌRzA wEþ\CV	N`^am
cqi;





4SV(g]V yMÖ~a{s{s{$HEcq\ O Eþ\­ceSVr<^_dNmþis^at\YE0(V^aot	oMÖa{  O E½\­cqSVrpS¤dN\PEþv(^am\em½iac­cYEþU&V
id8~s{K#<½WsWGM Eþtm½V\em½iac O < 'DjE½\-cqSVrg]is<^a[Eþm0E½cdÆcqS<^kc^|cm½V_^a\lc&isoVidceSV7&@`ÌRzAÎ\
Eþ\Ycegq^ao\]UjE½c]cE½o; 'D      ! "  =  <bE½\YcqSpVrgeis^aHE½mrEcdâcqS^|cYcqSpV(geVwE½\u^\e`vv(V(\]\PdÃ`mhcegq^ao\]UjEþ\]\YE½isogE½oÈ^\em½iacuVEXWsVoÈceS<^|cu^|cYmþV(^a\]cuisopV`ÌRA E½\Ycqge^ao\]UEcecYEþop;: D	 8
   " !  		 <6R.SV.V¢bprpgeV(\]\YE½iso\;dÃisg) 6^|ot) 6ageV(rpgeV(\]V(oKcE½oucqSV.\]mþi|cht`ge^|cE½iso
dÃisg^\e`vv(V(\]\PdÃ`mO^aot`o\]`v(vV(\]\PdÃ`mnMEvismþm0E½\YE½iso O cqgq^|o\eUjE½\e\YE½isoZ6G^ag]V\eSi54oNEþo S f]U 
) I 3 	 	 A   0 A   A 05 0A  $ MlWf O)    	 	 A   0 A   G MlW:z O
8oceSV(\]VV¢bÌrgeV\e\YE½iso\76E½\YcqSV-ceiacw^|m6SV(^atV(gum½V(o|cqS \eVV(oÆ^|cYcqSpV&^arrm0Eþv(^|cE½iso
mn^_dsVg_M ]f&Kd¤cqV(\FdÃisg.R L f O < 8²cE½ov(m½`tV\ceSVuSV_^atpV(gFEþo#dÃisgeU^|cYEþisoid	cqSpVucegq^aop\erGisg]c6
oVcx4ÒisgYs^|ot¼t^|cw^m0EþoHsÔv(isoKcqg]ismmþ^:daV(g76GSpV(ovV E½\V	¤`<^amcqiJ
 ! -#"CA8D A 
$"CA8D A ) % 130 '& )("CA D G MlW_ O
 	) 	 E½\cqSVCfhSKdN\YE½v_^am?¿^_dsV(g L iso)WaV(geaV(ovVfhgei|cqiNv(ismHMÖf;? L f O rg]V_^aUm½VÒ^|otuSV_^atpV(g
4SHEþvwSgEþ\idÒcqiacq^am2t`ge^|cE½isoLW&,K* Ô^|cWsWeJ¼pr\<qA L  E½\cqSV\YE0(Vid­^aoÉ~a{K#<½WsW
^avs¤oi54mþVtsU&V(oKc!4SHEþvwSÈV
	¤`<^|mþ\&WsW?HE½ce\<+ Eþo^amþmdV698 `^aotg`#8 `â^|geV-cqSpV9E½\k
cqgYE½`pceV(te8o¤ceV(gn4ge^aU&Vb`Ìr<^avVY^aotq`ÌSisglcn8oKceV(g|4ge^aU&VC`Nr<^av(VcE½U&V9E½oKcqV(gW|^amþ\7<hR.SVE½g
Wa^|mþ`V\^ageVza{+ ^aotÈW:{+ g]V(\erGV(vÏcEXWsVm½d<
<isg8^Ôge^aotisU ceisrÐiamþis|dV6Gisomd¼ceSV$V¢bprpgeV(\]\YE½iso\uid  'Du^aot .vwS<^aoaV<YR.SV\eV
VÏbÌrgeV\e\PEþisop\ÎGV(v(iaUV 
'D  ?  	 	  ? "%$8 ?  '   !#" MlW  O
    	 
	 4H? 	 	
  A &7(B "%$8   'H? " $  ?  '  'D G MlW_~ O
iopVv(^aoÆ^arrmdcqSV\q^|UVceV(vwSoHE 	¤`VÔcei¼visU&r`pcqV&cqSpV\e^|cq`pgq^|cYEþiso cqSpgeis`aSr`pcid
^ ge^aotiaU `ÌRzA~E½otVrÐVotV(oKcem½d id9E½ce\rGis\PE½cYEþisoL^a\w4ÒV(m½m8^|\&ceSVcqiacq^am­\q^kcq`ge^|cE½iso
cqSg]is`sSrp`pcid6ceSVuU&V(tHE½`U<
, -  .O(­O Ï	
=ÉVE½UrpmþVUVoKcis`g^ao^am½d¤cYEþv(^am.U&iÌtVmFEþomJNAhRF?BACl9< =ÆV,I<ge\lcÔviso\YE½tVgÔ^ IpbÌV(t






`ÌRA ^aotÈcqS<^|c$id.isopVËU&i5WEþoK`NRA_<OR.SVcqSg]is`sSpr`pcq\qM(E½ohs¤r\ O ^ag]VÔ\eSpi{4o E½o
 Eþ[<MWV< =ÆVu^amþ\]i&rmþi|cFEþocqSV\e^aU&VI<s`g]VuceSVYcqSpgeis`aSr`pcispcq^E½oV(tKd^aoN`ÌRzA E0d
cqSVblnEþ^aovwSHEGU&iÌtVm4^a\º`\eVtZ<CR.SVÎg]V(\]`m½ce\­^ag]VWaV(gldE½oKcqV(g]V(\lcE½oH< = SVoÔcqSVC`ÌRzAÎ\
^ageV¼^am½m8vmþis\]V¼ceiÆcqSpV^AYf MÃmþV\e\ËceS<^ao kU O 6cqSpVd ^amþmS<^cWaVAcqSV\q^|UV¼cqSg]is`sSrp`pc
^aot Ec.E½\$V	¤`<^amCcqi¼ceSVÔiaoVËE0WaV(o Kd cqSVlnEn^|ovwSHEºUiNtVmCM 4SHEþvwS \]`rrGis\eV\$cqS^|c
cx4iËv(ism½mrE½tHE½or<^|vsaVce\^ag]V^|`pcqisU^|cYEþv(^am½m½dm½is\]c O <n= SVoAcqSpVU&i5WEþo,`ÌRA8\Y^ag]VdE^ag









rgeis^aHE½mrEcE½V(\M(E O ceSVÎrg]is<^a[Eþm0E½cd&ceS<^|c­iaoV8U&i5WEþop`ÌRA mþia\eV(\|E½ce\r<^|vsaVcn4SV(o,Ec
v(isoKcqVot\­ceicqSpVYU&V(tHE½`U 4FE½ceSisoVÎiagU&isgeVIpbÌV(t `ÌRzAÎ\76<^aot M(E0E O cqSVYrpgeis<^|HEþm0Ecd
cqS<^|cOisoVIpbÌV(t`ÌRzA m½is\eV\ Ecq\2r^avsaVÏc 4SV(owEc2visoKcqVot\6ceiÎcqSVÒU&V(tHE½`U 4FE½ceS-isoVÒisg
UiageVU&i5W#E½oe`ÌRzAÎ\7<|lÒiacqSrg]is<^aHE½m0E½cYEþV\^ageVV	N`^amMcqiW4SVo^amþmB`ÌRA8\^ageVvmþia\eV
cqicqSpVwAYf MÃ\q^aU&V&^a\u^|\e\e`pUVtÆKd¼cqSVjlnEþ^aovwS[E2U&iÌtVm O <-fhgeia<^aHE½mrEcdoM E O g]V(U^E½o\
V
	¤`<^amceiW4SVoceSVuU&i{WE½o`ÌRA8\Î^|geVCdE^agdÃg]isU ceSV\AYfL\PEþopv(VucqSV7EþgrGi{4ÒV(gm½V7WaV(m
^|chcqSV>AÎf E½\hmþi54\<iYocqSV.iaceSV(gCS<^|otZ6Krg]is<^aHE½m0E½cdtM ErE O tg]isr\hcqi{u^|cº^ag]is`otËzÎU6
4SHEþvwSÆU&V_^ao\ceS<^|cIpbÌV(t `ÌRzAÎ\^amX4­^_dN\!4FE½oG4SV(o cqSVÏdv(iao¤ceV(otÈcqicqSpVU&VtHEþ`pU
4FE½ceSA^U&i5W#E½oq`ÌRA ^|cU&isg]VcqS<^ao¼z-U dÃg]isU cqSpV!AÎf<




cqSg]is`sSrp`pcid^aoKdÆiacqSpV(gj`ÌRzA+<6R.SVgeV\e`mcq\^ag]VÔ\]Si54o E½o  E½H<2}A^aot ^ag]V^am½\ei
WsV(gldKEþoKcqVgeV\]cE½oH<= SVoÉcqSVU&i5W#E½oG`NRAEþ\v(m½is\eVcqicqSVeAYf6 Ec$aVcq\$^S[EþsSpV(g
cqSg]is`sSrp`pc¿cqS<^aoucqSpVÒ^cWaV(gq^|sVºceSgeia`sSr`ÌcOi]dÌceSVCiacqSVge\O^aotucqS<^|ouceSVCcqSg]is`sSrp`pc






iacqSVge\7<LR.SVUjEþo[EþU`U cqSg]is`sSrp`pcidÎceSVUi5WE½o `ÌRzA Eþ\^aK^]Eþo ispcq^EþopV(tL^|c
^tHE½\]cq^aovVËid.zU<38iaceV&ceS<^|c_ E½H<¿}^amþ\]i¼\]Si54\ceSV^5WaV(ge^asV&cqSg]is`sSrp`pc$i5WaV(g







idF`ÌRzAÎ\ 4SVoV7W|^am½`<^|cYEþocqSV&rGV(gdÃisgeU^aovVÔid­~s{K#<½WsWeJNA L mþ^_dsV(g7<R.SVU&iÌtVm
S<^a\tHE0DÐV(g]V(oKcYV¢bNcqV(op\YE½iso\Yisot4SHE½vwSu4V$^ageV4ÒisgYs E½o^aotcqS<^kcb4FE½mþm	GV_E½oKcqgeiNt`vV(t
Eþo ^ dÃ`pce`geVÔtVcq^Eþm½V(t WaV(ge\PEþiaoZ<hiYoVÔVÏbNcqVo\YE½iso v(isop\YE½tV(g]\Ë^|o AYf cqS<^|c$cqgq^|o\eUjEcq\
r<^avsaVÏcq\jMÃ\eVVw E½H<>f O 6v4SHE½vwSu4Òis`m½t ^amþm½i54 `\cqieIotAcqSpV$isrpcYEþU^am AÎf rpmn^avV(U&V(oKc






S WU\8:;:;: `NcqtÉ~s{K#<½WsW7kqW&, , ,[6fO^ag]cËWsW \=Eþg]V(m½V(\]\w?BAC3J¼V(tHE½`U A.v(vV(\]\ L isoKcqg]ism
MaJNA L>O ^aot¼fCSKdN\YE½v_^|m?¿^_dsVg.MEf;QFR O \]rÐVvEXI<v_^|cYEþiao\6ÆW&, , ,[<
S %U!|< L ^amrE(6]Jg< L isoKcE(6]:F< +geVsisgPEdÌo^aUjEþvºRO`poHEþop8idNcqSpV 8::;:~s{s#<þWaWCfCg]iacqiNv(iam
ceiwA.vwSHE½V7WsV^$R.SpV(isg]VcE½v_^|mR.Sgeia`sSr`ÌcF?BEþUjEc
			  .- * HP	[	a
%[\%
 (n% %  6Ciama< ~#6v38iH<4ÈÎVv(V(UÐVga{a{s{[<
S }]U L <HQ_<v<isSZ6HJg<M`Hs|V(g]UË^|ofOVgPdÃisg]UË^|ov(VA8o<^amdÌ\PEþ\id¿ceSV8:;::L~s{K#<½WsW!JNA L
fhg]iacqiNv(ism  5Y ]Kuv 	 $[")"%$ -|%cc 66m½isgeVov(V]6C8²cw^amd rprZ<
W_~f]kwW ,s{[6 <V(pge`<^aglda{s{s#<
S fU+E½`\eVrrÐV+lnEþ^aovwSHElf	V(gPdÃiageU^aovV+AÎo^:dNm½\YE½\ÎidOcqSV!8:;:;:!~a{K#<½WsW9Eþ\lcqgPEþ`ÌcqV(t





























Throughput of moving STA (distance−aware model)
Throughput of an average STA (distance−aware−model)
Throughput of a random STA (Bianchi model)
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Packet of a fixed corrupted by a moving STA
Packet of a moving corrupted by a fixed STA


























moving STA − random topology
moving STA − 1000 realization in in a fixed topology
average fixed STA − random topology


























moving STA − 100 realizations in a fixed topology
average fixed STA − 100 realizations in a fixed topology
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